A Gram-negative-staining, aerobic, non-motile, non-spore-forming, rod-shaped and yellowpigmented bacterium, designated R11H T , was isolated from a soil sample collected from a hexachlorocyclohexane dumpsite located at Ummari village, Lucknow, Uttar Pradesh, India. The 16S rRNA gene sequence similarity between strain R11H T and the type strains of species of genus Sphingopyxis with validly published names ranged from 93.75 to 97.85 %. Strain R11H T showed the highest 16S rRNA gene sequence similarity to Sphingopyxis indica DS15 T (97.85 %), followed by Sphingopyxis soli JCM15910 T (97.79 %), Sphingopyxis ginsengisoli KCTC 12582 T (97.77 %) and Sphingopyxis panaciterrulae KCTC 22112 T (97.34 %). The DNA G+C content of strain R11H T was 63.5 mol%. DNA-DNA relatedness between strain R11H T and its closest phylogenetic neighbours was well below the threshold value of 70 %, which suggested that strain R11H T represents a novel species of the genus Sphingopyxis. The major polar lipids of strain R11H T were sphingoglycolipid and other lipids commonly reported in this genus, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylcholine, phosphatidylglycerol and phosphatidylmonomethylethanolamine. Spermidine was detected as the major polyamine. The chemotaxonomic markers in strain R11H T confirmed its classification in the genus Sphingopyxis, i.e. Q-10 as the major ubiquinone and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), C 16 : 0 and C 14 : 0 2-OH as the predominant fatty acids. Results obtained from DNA-DNA hybridization and chemotaxonomic and phenotypic analyses clearly distinguished strain R11H T from its closest phylogenetic neighbours. Thus, strain R11H T represents a novel species of the genus Sphingopyxis, for which the name Sphingopyxis flava sp. nov. is proposed. The type strain is R11H T (5DSM 28472 T 5MCC 2778 T ).
The genus Sphingopyxis was described by Takeuchi et al. (2001) . At the time of writing, 23 species of the genus Sphingopyxis have been taxonomically classified. The members of this genus have been isolated from a wide range of habitats such as soil (Lee et al., 2008; Srinivasan et al., 2010; Choi et al., 2010) , hexachlorocyclohexane (HCH)-contaminated soil Jindal et al., 2013) , a sludge blanket (Kim et al., 2005) , a wastewater treatment plant (Kämpfer et al., 2002) , the river subsurface (Godoy et al., 2003) , a mineral water source (Pal et al., 2006) , hydrocarbon-contaminated soil (Zhang et al., 2010) and seawater (Yoon & Oh, 2005) . Strains belonging to the genus Sphingopyxis are distinctly yellow to brown, Gramnegative, aerobic, non-spore-forming and non-fermenting, with DNA G+C contents in the range 58-69.2 mol% (Takeuchi et al., 2001) .
In a continuation of our efforts to explore microbial diversity from HCH-contaminated soil (Kumar et al., 2008 (Kumar et al., , 2015 Singh & Lal, 2009; Kumari et al., 2009; Bala et al., 2010; Sharma et al., 2010; Dwivedi et al., 2013; Singh et al., 2013 Singh et al., , 2014 Singh et al., , 2015 Kumar et al., 2015) , we collected soil samples from an HCH dumpsite at Ummari village, Lucknow, Uttar Pradesh, India (27.0067408 N 81 .1493308 E). Using methods described previously (Vanbroekhoven et al., 2004; Dadhwal et al., 2009; Sharma et al., 2010) , soil samples were serially diluted with sterile PBS and plated on nystatin-and streptomycin-amended Luria-Bertani (LB) agar plates. Bacterial colonies that appeared after 3-4 days were picked and again subcultured on LB agar and a colony was designated as R11H T . Strain R11H T was characterized by using a polyphasic approach (Vandamme et al., 1996; Prakash et al., 2007) .
The 16S rRNA gene from strain R11H T was amplified by using universal primers as described previously ( Jindal et al., 2013) . Sequence analysis of this PCR-amplified 16S rRNA gene was carried out using an ABI 3700/3730XL sequencer (Applied Biosystems) at the Department of Plant and Molecular Biology, University of Delhi, South Campus, New Delhi, India. The sequences obtained were manually assembled into a stretch of 1425 bp using Sequencing Analysis version 5.1.1 (Applied Biosystems) and Clone Manager software, version 5. Similarity searches were performed using the BLAST (Altschul et al., 1990) program of the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov) and EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . Sequence similarity searches revealed that the closest neighbours of strain R11H T were Sphingopyxis indica DS15 T (97.85 %), Sphingopyxis soli JCM15910 T (97.79 %), Sphingopyxis ginsengisoli KCTC 12582 T (97.77 %) and Sphingopyxis panaciterrulae KCTC 22112 T (97.34 %). Strains identified as closely related to strain R11H T by the EzTaxon server were selected for reconstruction of a phylogenetic tree. Sequences were aligned using CLUSTAL_X version 2.1 (Larkin et al., 2007) and 16S rRNA gene sequence of Rhodanobacter lindaniclasticus PR5557 T was used as an outgroup. The evolutionary distance matrix was generated using the distance model of Jukes & Cantor (1969) and the phylogeny was reconstructed by using MEGA6 software (Tamura et al., 2013) with the maximum-likelihood method (Felsenstein, 1981) . Tree topology was evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 replications (Fig. 1) . Strain R11H T formed a distinct cluster with Sphingopyxis soli JCM15910 T . Further, signature sequences in the 16S rRNA gene sequence of strain R11H T were analysed and observed to share all positions with the pattern characteristic for the genus Sphingomonas sensu stricto (Takeuchi et al., 2001) . These nucleotides were G at position 359, T at 593, G : C at 987 : 1218 and T : G at 990 : 1215, based on Escherichia coli numbering (Brosius et al., 1978; Pal et al., 2006) . The phylogenetic analysis and signature sequence pattern provided additional support that strain R11H T belongs to the genus Sphingopyxis.
Motility of strain R11H T was observed using a light microscope (Nikon; 640 magnification) using the hanging drop method with cells grown in LB broth for 3 days at 28 8C (Bowman et al., 2003) . Cell morphology was further examined using a transmission electron microscope (TEM 269D; Morgagni Fei) ( Fig. S1 , available in the online Supplementary Material). Microscopic study revealed that strain R11H T was non-motile. Growth at 4, 10, 22, 28, 37, 45 and 55 8C was tested in LB broth for 4-5 days. The Gram-stain test was performed using a Gram staining kit (HiMedia), and strain R11H T was found to stain Gramnegative. Colony morphology (shape, size, colour and pigmentation) was studied on LB agar after 24 h of incubation at 28 8C. For determination of the pH range and optimum for growth, strain R11H T was cultured in LB broth at 28 8C after adjusting the medium to pH 2.0-13.0 (at intervals of 1.0 pH unit) with citrate/phosphate buffer or Tris/HCl. NaCl tolerance was measured in LB broth supplemented with 0-7 % (w/v) NaCl in increments of 1 %. Cell growth was determined by measuring the OD 600 . Strain R11H T showed growth at 22-45 8C (optimum 28 8C) and pH 6.0-10.0 (optimum pH 7.0) and in the presence of 0-3 % NaCl (optimum 1 %).
The DNA G+C content of strain R11H T was calculated by the method described by Gonzalez & Saiz-Jimenez (2002) using an Applied Biosystems 7500 Real-Time PCR at the Department of Zoology, University of Delhi, Delhi, India. The G+C content of the genomic DNA was 63.5 mol%, which was within the range described for the genus Sphingopyxis. Catalase production was tested using 3 % (v/v) hydrogen peroxide solution with colonies grown on LB agar as described by McCarthy & Cross (1984) , and oxidase production was tested using oxidase reagent (HiMedia). Hydrolysis of casein, gelatin, aesculin, starch and Tween 20 was determined as described by Cowan & Steel (1965) . Other physiological and biochemical properties were determined with the API 20NE and API 50CH systems (bioMérieux). Differentiating physiological characteristics are listed in Table 1 .
Antibiotic sensitivity tests were performed at 28 8C on Muller-Hinton agar (HiMedia) using antibiotic sensitivity discs (HiMedia). The antibiotics (mg per disc in parentheses) tested were: amikacin (30), ampicillin (10), chloramphenicol (30), ciprofloxacin (5), polymyxin B (300), gentamicin (10), kanamycin (30), nalidixic acid (30), penicillin G (10), rifampicin (5), tetracycline (30), vancomycin (30) and oxytetracycline (30). Strain R11H T was sensitive to chloramphenicol, gentamicin, oxytetracycline, tetracycline, vancomycin, ciprofloxacin, kanamycin, neomycin and amikacin, but resistant to nalidixic acid, ampicillin and penicillin and moderately resistant to rifampicin.
Cell biomass for analysis of polar lipids, quinones and polyamines was obtained by growing cultures in LB broth at 28 8C with shaking at 200 r.p.m. followed by freeze drying. Polar lipid analysis of strain R11H T was carried out using 100 mg lyophilized cell culture as described by Bligh & Dyer (1959) and extracted lipids were separated by two-dimensional TLC using 969 cm silica plates (Merck). The solvent system chloroform/methanol/water (65 : 24 : 4, by vol.) was used in first direction and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) in the second direction. The polar lipid profile of strain R11H T was detected using a spray of 10 % phosphomolybdic acid for detection of total lipids (Gunstone & Jacobsberg, 1972 ) and 2.4 % a-naphthol solution (Wang & Benning, 2011) for detection of glycolipids. Additionally, the total polar lipid profiles of strain R11H T and its closest neighbour were compared using 1 % aqueous primulin and visualized under UV radiation . Polyamines of strain R11H T and neighbouring strains were extracted as described by Busse & Auling (1988) and Busse et al. (1997) . Briefly, 15 ml extracted sample was loaded onto a TLC plate (silica gel 60 F 254 , 20620 cm; Merck) and the solvent mixture used for separation was ethylacetate/cyclohexane (2 : 3, v/v). Polyamines were identified by comparing R f values with those of commercially prepared standards (Sigma Aldrich). Quinones were extracted from 100 mg dry cell mass with a 10 % aqueous solution of 0.3 % NaCl (w/v) in methanol and petroleum ether (60-80 8C boiling point) in a ratio of 1 : 1. The upper, solvent phase was collected and dried in a rotavapor (Rotavapor R-210; Buchi). The residue was dissolved in 100 ml petroleum ether and separated on a TLC plate (silica gel 60 F 254 , 20620 cm; Merck) using petroleum ether (boiling point 60-80 8C) and diethyl ether (85 : 15, v/v). Purified ubiquinone was dissolved in acetone and analysed by reversed-phase TLC (Collins & Jones, 1981) . The major polar lipids detected in strain R11H T were sphingoglycolipids along with phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylcholine, phosphatidylglycerol and phosphatidylmonomethyle-thanolamine ( Fig. S2a-c) . These polar lipids are common among members of the genus Sphingopyxis. Compared with neighbouring strains, R11H T possessed higher levels of sphingoglycolipids and diphosphatidylglycerol and lower levels of phosphatidylcholine and phosphatidylmonomethylethanolamine ( Fig. S2c-g) . Phosphatidylcholine was not observed in the polar lipid profiles of Sphingopyxis indica DS15 T and Sphingopyxis panaciterrulae KCTC 22112 T , whereas phosphatidylmonomethylethanolamine was not observed in the profile of Sphingopyxis soli JCM15910 T . The quinone detected was ubiquinone 10 (Q-10) and the major polyamine was spermidine, along with traces of spermine (Fig. S3) . Thus, the chemotaxonomic markers in strain R11H T were consistent with its classification within the genus Sphingopyxis (Takeuchi et al., 2001) .
Fatty acid methyl ester analysis was carried out at Royal Life Sciences Ltd, Secunderabad, India. Standardization of the physiological age of strain R11H T and its nearest neighbours was achieved by the usual protocol of the Sherlock Microbial Identification System (MIDI). For this purpose, each strain was grown on trypticase soy broth agar (HiMedia) for 24 h at 28 8C. The fatty acid methyl esters were analysed from two to four loops of inoculum scraped from the third quadrant of a Petri dish and subjected to saponification, methylation and extraction using the methods of Miller (1982) and Kuykendall et al. (1988) . The fatty acid methyl esters were separated using the Sherlock Microbial Identification System (MIDI) and identified using the Aerobe database (RTSBA 60 version 6.0). Summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) (46.6 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) (27.2 %), C 16 : 0 (11.3 %) and C 14 : 0 2-OH (4.8 %) were the predominant fatty acids detected. While these fatty acids are characteristic of the genus Sphingopyxis (Takeuchi et al., 2001) , the fatty acid pattern of strain R11H T also revealed qualitative and quantitative differences (Table 2 ) when compared with those of closely related strains. All these data further reflected that strain R11H T represents a novel species of the genus Sphingopyxis.
DNA-DNA hybridization was carried out between strain R11H T and four reference strains that showed sequence similarity of .97 % at the 16S rRNA gene level. Total Table 1 . Differentiating physiological characteristics of strain R11H T and its closest neighbours belonging to the genus Sphingopyxis Strains: 1, Sphingopyxis flava R11H T ; 2, Sphingopyxis indica DS15 T ; 3, Sphingopyxis soli JCM15910 T ; 4, Sphingopyxis ginsengisoli KCTC 12582 T ; 5, Sphingopyxis panaciterrulae KCTC 22112 T . All data are from this study, except for the sources of isolation and GC content. All strains were negative for utilization of casein, hypoxanthine, xanthine, starch, indole, D-mannose and D-mannitol, reduction of nitrate to nitrogen and hydrolysis of gelatin, and positive for oxidase activity and hydrolysis of urea and D-glucose. 28 28 30 28 28 pH range for growth 6.0-10.0 6.0-10.0 6.0-9.0 5.0-8.5 7.0-8.0 DNA G+C content (mol%) 63.5 (This study) 67.5 (Jindal et al., 2013) 65.9 (Choi et al., 2010) genomic DNA of all strains was extracted, purified and hybridization was done following the protocol described by Tourova & Antonov (1988) at the Council of Scientific and Industrial Research-Institute of Genomics and Integrative Biology (CSIR-IGIB), Delhi, India. The amount of bound probe DNA was calculated by using a scintillation counter (Hidex Noki Technologies). DNA-DNA relatedness was calculated on the basis of the mean of three replicates. DNA-DNA hybridization values varied from 22.08 to 51.01 % (Table S1) , and were well below the 70 % cutoff point for species classification, as recommended by Wayne et al. (1987) , thus supporting the conclusion that strain R11H T represents a novel species of the genus Sphingopyxis.
Based on phylogenetic analysis using the 16S rRNA gene sequence, DNA-DNA hybridization with closely related members of the genus Sphingopyxis, morphological and physiological properties, biochemical features and chemotaxonomic studies, it can be concluded that strain R11H T represents a novel species of the genus Sphingopyxis, for which the name Sphingopyxis flava sp. nov. is proposed.
Description of Sphingopyxis flava sp. nov.
Sphingopyxis flava (fla9va. L. fem. adj. flava yellow, referring to the colony colour).
Cells are Gram-negative-staining, aerobic, non-flagellated, non-motile, non-spore-forming and rod-shaped (0.69-1.32 mm long and 0.39 mm in diameter). Colonies are yellow, small (diameter 0.5-1 mm on LB agar after 24 h of incubation at 28 uC), convex, opaque, round and smooth with entire margins. Optimal growth occurs at 28 uC and pH 7.0 and in the presence of 1% (w/v) NaCl. Positive for oxidase and catalase production. Nitrate is reduced to nitrite, but not to nitrogen gas, and indole production is absent. Hydrolyses N-acetylglucosamine but not b-galactosidase, aesculin, Tween 20, starch, casein or gelatin. Assimilates Dglucose and maltose, but not D-mannitol, D-mannose and L-arabinose. Sensitive to chloramphenicol, gentamicin, oxytetracycline, tetracycline, vancomycin, polymyxin B, ciprofloxacin, kanamycin, neomycin and amikacin, but resistant to nalidixic acid, ampicillin and penicillin and moderately resistant to rifampicin. Major polar lipids are sphingoglycolipid, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylcholine, phosphatidylglycerol and phosphatidylmonomethylethanolamine. Summed feature 8 (C 18 : 1 v7c/ C 18 : 1 v6c), summed feature 3 (C 16 : 1 v7c/C 16 : 1 v6c), C 16 : 0 and C 14 : 0 2-OH are predominant fatty acids. Ubiquinone 10 *Summed features represent groups of two or three fatty acids that cannot be separated by the Microbial Identification System. Summed feature 3 consists of C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 4 consists of anteiso C 17 : 1 B and/or iso-C 17 : 1 I; summed feature 5 consists of C 18 : 2 v6,9c and/or anteiso-C 18 : 0 ; summed feature 7 consists of one or more of C 19 : 1 v6c, C 19 : 1 v7c and C 19 : 1 19-cyclo; summed feature 8 consists of C 18 : 1 v7c; or/and C 18 : 1 v6c; summed feature 9 consists of iso-C 17 : 1 v9c or/and 10-methyl C 16:0 .
